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ABSTRACT 



A digital television transmitter for an ATSC or NTSC signal 
includes a digital vestigial sideband modulator having a 
digital sinusoidal source. A digital multiplier arrangement 
multiplies a digital signal including the information in the 
digital television signal by a sequence derived by the digital 
sinusoidal source to derive plural orthogonally phased digi- 
tal product signals. A digital lowpass filter arrangement 
passes low frequency components of the plural digital 
product signals and rejects high frequency components of 
the plural digital product signals. A signal combiner arrange- 
ment combines a carrier with signals containing information 
passed by the lowpass filter arrangement necessary to derive 
a vestigial sideband signal. The combiner arrangement 
includes at least one digital to analog converter that in 
different embodiments derives a vestigial sideband signal 
that modulates an I.F. or R.F carrier. 

63 Claims, 12 Drawing Sheets 
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VESTIGIAL SIDEBAND GENERATOR Q channel contains no independent information, but causes 

PARTICULARLY FOR DIGITAL part of the unwanted lower sideband appearing at the output 

TELEVISION of up converter 32 to be reduced substantially to zero 

amplitude. The unwanted lower sideband is removed by 
5 circuitry included in vestigial sideband generator 28 and up 

TECHNICAL FIELD converter 32 does not reintroduce it. Because up converter 

11* present invention relates generally to vestigial side- 32 0*- inve *f) I R l P ec ?™ 1 b y di & ta [ 

band generators or modulators and more particularly to a t0 analo S 5™ verte , r 30 j th f o«put of 

newandimprovedvestigialsidebandgeneratorormodulator converter 30 k reduced substantially to zero, 

employing modified Weaver modulator techniques and 10 J To enable digital to analog converter 30 to produce the 

arrangements. Another aspect of the invention relates gen- | te ««« d vestl « ,al "J*"* "B^ vestigial sideband modu- 

erally to digital television transmitters and more particularly l a, ° r or generator 28 derives the spectrum illustrated in FIG 

to a digital television transmitter including a digital modu- 2 havm 8 a 6 Mhz bandwidth and including the 309.44056 

lator including a modified Weaver modulator arrangement P^°' «™ CT j" 0 ^ ?* rter 24 J " T* 11 "* 

and technique 15 ^P* 1 sideband of 309.4405594 kHz, to the left of the 

pilot carrier frequency. 

BACKGROUND ART The prior art vestigial sideband modulators or generators 

A typical prior art digital television transmitter adapted to jj» derivin 8 the ^ *" n ^ d ^ w J>f^ a!f d ' 

. r , . r . . c . * j . . • r ■ filter or phasing method. In the filter method the vestigial 

transmit signals containing information indicative of digi- ._, . _/ , f , ^ . - ^?. . 

tally encoded video and aural signals for deriving an ATSC 20 «d*and modulator generates a double sideband signal that 

A/53 standard signal is illustrated in FIG. 1 as including " ^ *P rod ^ a K ve f S ia ^band stgnal at an I.F. of 

i,« i «• *, i i_ j * i * * • i la u- ? about 10 MHz. Sidebands extend equally around the 10 

multi-bit digital baseband television signal source 10 which wrr t _ . , M 3 

^ & MHz I.F. in accordance with: 



25 



drives the cascaded combination of data randomizer 11, 
Reed-Solomon encoder 12, data interleaver 14, trellis 
encoder 16 and multiplexer 18. The signals derived from 
source 10, randomizer 11, encoders 12 and 16, as well as where F sym is the symbol clock frequency of 
interleaver 14 and multiplexer 18 are typically three or four 10.76223776 . . . MHz of the bits derived from source 10 in 
parallel bit signals having a symbol rate (i.e., sampling accordance with the ATSC A/53 standard, and 
frequency) of 



30 



F _ 59 FH 59 4 5 ^ 



1.539 xlO 9 "** 3 ™ c 3 286 
143 ' 

where FHjvj^ is the NTSC horizontal line frequency 

i.e., the encoded television signal is sampled 10,762,237.76 35 Based on the foregoing, the sidebands of the double 

times per second. Because each symbol includes two, three sideband modulator extend ±5.690559441 . . . MHz on 

or four bits, the bit rate is substantially higher than the either side, of the 10 MHz carrier. A convenient sampling 

symbol rate. The three or four parallel bits represent 8 or 16 frequency is four times the 10.76223776 . . . MHz symbol 

amplitude levels of the encoded television signal. clock rate, i.e., 43.04895105 . . . MHz. 

Multiplexer 18, in addition to being responsive to the 40 The ATSC A/53 standard requires the vestigial sideband 

output of trellis encoder 18, responds to segment synchro- generator to have a root-raised cosine (RRC) response, 

nizing source 20 and field synchronizing source 22 to derive Obtaining a proper root-raised cosine response for vestigial 

an output having the same number of bits as applied to the sideband shaping at the 43.04895105 . . . MHz sampling rate 

multiplexer by encoder 16. Multiplexer 14 supplies a multi- requires a finite impulse response (FIR) filter having about 

bit output signal to pilot inserter 24 which inserts a 45 2048 filter coefficients. Implementation of such a filter is 

309.44056 KHz pilot carrier on the signal applied to it. Pilot difficult. 

inserter 24 derives a multi-bit output signal which it applies The phasing method uses a Hilbert transform to partially 
to pre-equalizer filter 26. Pre -equalizer filter 26 supplies a cancel the unwanted sideband of a double sideband signal, 
multi-bit intermediate frequency (I.F.) signal to vestigial The Hilbert transform can easily generate a vestigial side- 
sideband modulator or generator 28. Generator 28 feeds a 50 band signal such that DC is 6 dB down with respect to the 
multi-bit digital I.F. output signal to digital to analog con- sidebands. This is because the response of any Hilbert 
verter 30, which supplies an analog I.F. signal to frequency transform approximation is always zero at DC. With only 
up converter 32, a frequency synthesizer for heterodyning one of the I and Q modulators included in such a vestigial 
the I .F. output frequency of converter 30 to a radio frequency Hilbert transform sideband generator contributing at DC, the 
(R.F.) carrier frequency. Up converter 32 also inverts the I.F. 55 vector sum of the outputs of the two modulators drops in half 
spectrum derived from digital to analog converter 30 so the at DC relative to the vector sum at a frequency where both 
lowest frequencies in the LF. spectrum are converted into the the I and Q channels contribute to the generator output, 
highest frequencies in the R.F. spectrum derived by con- However, in the ATSC A/53 standard, the requirement for 
verter 32 and the highest frequencies in the I.F. spectrum are the root-raised cosine response places the DC output at -3 
converted to the lowest frequencies in the R.F. spectrum. 60 dB instead of -6 dB. Therefore, the Hilbert transform 
The modulated carrier frequency signal derived by R.E up method of vestigial sideband digital television modulation 
converter 32 is applied to antenna 34 via power amplifier 36. requires a low frequency equalizer to produce a +3 dB 
The output signal of digital to analog converter 30 "shelf* at the DC and low frequency portions of the 
includes orthogonal I and Q channels or components. At response. 

predetermined time intervals the I channel has one of 65 To achieve the ATSC A/53 standard the vestigial sideband 

multiple levels, corresponding to the number of amplitude generator has a linear phase requirement. Consequently, 

levels in the 3 or 4 bit signal derived by signal source 10. The equalizer filter 26 is generally implemented as a finite 
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impulse response filter having a large number of coefficients. response changes from substantially maximum to substan- 

Further, the -3 dB requirement exists at the Nyquist fre- tially minimum attenuation) no greater than twice the lowest 

quency of the symbols, i.e., half the symbol frequency, with frequency of source 34. 

certain modifications. Hence, equalizer 26 must include a The folded baseband signals derived by lowpass filters 38 

high frequency portion operating at a sampling frequency 5 and 40 are applied to balanced modulators (i.e., mixers) 42 

higher than twice the symbol rate to avoid aliasing, i.e. and 44, respectively driven by orthogonally phased cosine 

insertion of information at frequencies that do not exist in and sine waves at an I.F. or R.F. carrier frequency, derived 

the sample frequency due to sampling at a frequency less by oscillator 46. Because mixers 30, 32, 42 and 44 are 

than twice the highest frequency component being filtered. balanced modulators they produce the upper and lower 

In this case, the highest frequency being filtered is 10 sidebands of the waves applied to them without passing the 

5.690559441 . . . MHz, which is more than half the symbol I-F. or R.F. of oscillator 46. 

rate. Hence, the Hilbert transform method of producing a ^ 0Ut P ut signals of mixers 42 and 44 are linearly 

vestigial sideband signal with root-raised cosine sideband combined (i.e., summed or subtracted) in analog adder 48. If 

shaping is also quite difficult to implement. the of source ^ ^ represented by sin u m t and the 

Because power amplifier 34 has a non-linear amplitude „ an ^ r fancies of oscillators 36 and 46 are respectively 

,. .. , , i_ i 1 5 to, and ok, it can be shown that the output signal of analog 

response, a nonlinear equabzer must apply a substantial I, AO c . - , \. i_ jj ao *u 

. ' I « • j « r adder 48 is 0.5 sm(co-a) / +o)Jt when adder 48 sums the 

non-linear correct! on to the signal applied to it Because of signalsof balanced modulators 42 and 44; if adder 48 

the possibility of aliasing and spectral folding through zero out t si j of mixer 44 &Dm the out , si , 

frequency, he amount of nonhnear correction which may be f ^ ^ ^ ^ ^ j Qf ^ ^ ^ Q 5 ^ 

applied at 10 MHz is limited, resulting in distortion in the „ ^ ^ when ' add * ^ sums tb& oulput signal \ Q 

transmitted signal. mkeis 42 and u [hf , ad(Jer Q . ^ fe (he u 

1 have realized that the non-lmear correction can be more si(Jeband of ^ combination of a/frequencies derived by 

effectively miplemented to substantially reduce distortion in < A , j4 iruju u a • ij-ju 

.1. . -„ j - it. i »r. j- i • i generator 46 and the folded baseband signals derived by 

the transmitted signal by employes an I.F. digital signal mters 3 8and 40 ;th6Outputofaddcr4 8 is the lower sideband 

having a frequency approximately twice the approximately , AO . £ j * Li * * r • 

inw f. f 1 J f*;. . j. •* i t t~> tti. 25 when adder 48 is configured to subtract the output of mixer 

10 MHz frequency of the prior art digital I.F. The arrange- AA c tl _ * * • i r • a*i ■*■ i 

t T . \ \ , uV *v *. i i r- • i . u 44 from the output signal of mixer 42 are critical, 

ment I have invented enables the digital 1..R signal to have „ 7 , „, j , , , u 4 . „ , . . < 

r c t . cwtT iu i j * j While the Weaver modulator theoretically derives a single 

a frequency of approximately 21.5 MHz; I have also devised . , , , ♦ . • in.*- r u u a • i 

^ J / r *u j- v *i ^ c sideband output signal that is a replica of the baseband signal 

an arrangement enabling the digital I.F. to be exactly 21.5 c . ^ ^ ■ i t j * 
j^pj z & & & 'of FIG. 3a, it has not been extensively employed for 

. ' * . m • ■ - - . . . . , 30 processing analog signals because of the need for lowpass 

I have realized that the problems of the prior art vestigial - c & , , . a cw ,. , r 

...j j * r 4 « j • j. • « * filters 38 and 40 to be sharp cut on filters which are 

sideband modulators or generators employed in digital tele- 4 , , ■ , , tl _ r t . t . , . 

. . f i j . - j- fi • i accurately matched to have the same amplitude and phase 
vision transmitters can be resolved by using digital signal , ..... lt . ^ iL . n i 
, , - • -i * i i * responses. In addition, all the elements of the two parallel 
processing techniques similar to analog signal processing f , . 4 , , iL , ^ . , . 
f j . i| t • j « j i j t paths must be matched and the quadrature phase relation- 
techniques used in Weaver single sideband analog modula- ,c r . . * , i 
*i_ ^7 • i . j « j j , t t \ j * ships of co f and o)^ are critical, 
tors; the Weaver single sideband modulator must be modi- ^ , , c „ - „ f , 4| _ 
~ ' , i iL 7- • i -j i_ j • * ■ j . j rrw To provide a better understanding of how the Weaver 
tied to enable the vestigial sideband signal to be derived. The , . r . - » c ~° . , . tl _ 
,. - A t ! • . i. ■ r l j i j modulator of FIG. 3 functions, reference is made to the 
digital signal processing techniques [ have developed are veKus F]GS 4fl ^ 

applicable to digital signals derived in accordance with the t-t^o a j^^l uj . * • it 

A^-rV^ * j _. * «n ii j. i j i • , FIGS. 4a and 4d, the baseband output signal of source 34 is 

ATSC standard A/53, as well as digital television signals in t , . . ' . , , _J ] . % A „ . - _ 

j . , *u kttp> c^ivrn * j j 4U represented by identical spectra 52 and 54. Each of spectra 

derived in accordance with the NTSC SMPTE standard. .1 . eA . J u j u j i * r*o 

. 4 i 1 ,v . . . j , . 4 52 and 54 has a passband between o), and a), relative to DC, 

A conventional analog Weaver single sideband modulator . ft „ » M , e j i n- i* j • 

is illustrated in FIG. 3 as includtog identical balanced i e . ' Sp '%** 2 and " T f^f 1 ^ ">«lti P lied in 

modulators (i.e., mixers) 30 and 32, driven in parallel by ™ cts 30 h aDd 1 32 by 008 % ^ n l^eT 

t . , <y A I • , * . 34, respectively represented by fines 56 and 58 in FIGS. 4a 

analog signal source 34, having any angular frequency co_ in dS a al\ ~* c \a a i u u -i 

r . °^ . ju j 'j.i ° 4 7 f,. A j -ji 5 and 4b to produce folded orthogonal baseband components 

a predetermined bandwidth a), to o) 2 . Mixers 30 and 32 are r JAT T - - & . * * A j * *u 

driven by orthogonaUy phased cosine and sine analog waves 1 \ nd P^it.ve frequences in spectra 60 and 62 at he 

derived from folding frequency oscillator 36, having an 0U 'P uls ° f f 1<>W filters 38 and 40 are denved from the 

, * "m, i. ClL • -a \ portion of spectra 52 and 54 between Co,- and a)-? while the 

angular frequency a)* The a frequency, co fl of the sinusoidal c , , ,v ■ 

a • a u -ii * • . i i * *u positive frequencies m spectra 64 and 66 at the outputs of 

waves denved by oscillator 36 is approximately equal to the <- n £ ti -.o j j . j r it _ r . M 

%u , . t r ,i i j .jT c • i i . j filters 38 and 40 are denved from the portion of spectra 52 

anthmetical mean ot the bandwidth or the signal derived j-*,^ , ^ « 

r * A • and 54 between ok and co* Thus, the baseband spectra 52 

from source 34, i.e., , 4 , - 1 , . t > . ' _ t ^ , 

and 54 are translated into spectra 60-66, centered on and 

symmetrical with DC i.e., co=0; spectra 60-66 extend from 
55 (wi+ws) 



to 



Mixers 30 and 32 thereby derive "folded" baseband signals, 
each having a bandwidth of approximately one-half the 
bandwidth of the signal derived from source 34. 

The folded baseband signals derived by mixers 30 and 32 60 
are respectively supplied to identical lowpass filters 38 and + ^ 1 + £t>2 \ 

40. Filters 38 and 40 have a cut-off frequency designed to (1) 2 
virtually completely attenuate (i.e., reject) the upper side- 
bands derived from mixers 30 and 32, and (2) pass with thus include "negative" frequencies resulting from e multi- 
virtually no attenuation at least half the bandwidth of signal 65 plying action of spectra 52 and 54 with cos co^t and sin cuyt. 
source 34. Filters 38 and 40 have a transition frequency The action of oscillator 46 and mixers 42 and 44 is 

range (i.e., the frequency range over which the filter illustrated in FIGS. 4c and 4d. The folded baseband I and Q 
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spectra 60-66 in the right portion of FIGS. 4a and 4b are produces a vestigial sideband signal derived in this instance 
shown on the left sides of FIGS. 4c and 4d, and multiplied by lowpass filtering the product of the wave at the "folding" 
in mixers 42 and 44 responsive to the cosine and sine outputs frequency and the input signal somewhere between 4 and 7 
at co c of oscillator 46, as represented by lines 65 and 67, kHz- There is normally no advantage to locating the folding 
FIGS. 4c and 4d. The resulting outputs of mixers 42 and 44 5 frequency outside the bandwidth of the modulating input 
are represented by spectra 68-74, FIGS. 4c and 4d. All of si S naL Technical disadvantages of locating the folding fire- 
spectra 68-78 are symmetrical with carrier frequency co c . W*™ 3 * outside the bandwidth of the input modulating input 
Spectra 68 and 70 are respectively replicas of the portions of si S aal klude requirements for higher sampling rates and 
I and Q spectra 60 and 72 above co* while spectra 72 and 74 more complicated filters than occurs for folding frequencies 
are respectively replicas of the portions of I and Q spectra 64 10 the bandwidth of the input modulating input signal, 
and 66 lower than co While the spectra will not "fold** if the folding frequency is 
FIG. 4e indicates the action of adder 48 in summing the outside the bandwidth the modulator could still work 
output signals of mixers 42 and 44. Folded I and Q spectra tf hi 8 hcr sampling rates and more complicated filters are 
68 and 70 are summed by adder 48, which derives single employed. 

upper sideband spectrum 76; all of spectrum 76 lies above 15 ^ s P ectra for a P referrcd embodiment of a Weaver 

o) c -cd» where w e -<a f represents the suppressed carrier. The modulator operating to produce vestigial sideband modula- 

phases of folded I and Q spectra 72 and 74 are such that there tion m ^ustrated in FIGS. 5a-5e. A Weaver modulator 

is no lower sideband (i.e., frequency inverted) energy. If modified to produce the spectra of FIGS. Sa-Se processes 

adder 48 subtracts the output of mixer 44 from the output of baseband spectrum 80, centered about DC, i.e., w=0 f as 

mixer 42, the resulting single lower sideband spectrum 20 illustrated in FIG. 5a. Spectrum 80 includes negative and 

would be the mirror image of response 76. positive frequency portions 82 and 84 which are mirror 

images of each other, so that negative frequency portion 82 

SUMMARY OF INVENTION extends from co-0 to -co 3 , and the positive frequency portion 

84 extends from co-0 to +co 3 . 

I have realized that the Weaver modulation method can ^ Spectra 80 of FIGS. 5a and 5b are multiplied by cosine 
produce vestigial sideband signals by selecting the folding aQ{ j sme waves having a frequency w 4 , which is preferably 
frequency of oscillator 36 and the cutoff frequencies of j ess than or equal to 
filters 38 and 40 such that the "negative" frequencies of the 
modulating baseband signal derived from source 34 appear ^ 
in the signal derived from adder 48 as a vestige of the T 
opposite sideband, i.e., the positive frequencies of the modu- 
lating baseband signal. The folding frequency of oscillator , 4 , iL ^ T <- , . . , , 
it a *u + re t c 1 ci f <ro i i ft and must be more than 0. in consequence, folded baseband 
36 and the cutoff frequency of lowpass filters 38 and 40 are T , . A , n - , " , . ' , . t . 

selected such that a desired amount of the opposite sideband 1 channel 90 *° d 92 are de " v «? b * fff^ * e 

is eliminated but a certain portion of it is pa^ed. Hence, the J5 8 " (mdlCated by hn6 86) by 

Weaver modulator circuit configuration to achieve a vesti- t-ujl'i i . «^ j • , 

gial sideband signal is the same as illustrated in FIG. 3, . Fold ^ d b , aseband Q channel ^f 4 94 md 96 are denved 

except for modifications of the frequency of oscillator 36 by P"*** 5 ™? ^L?" T* u &e , qUenCy 

and the cutoff frequency of filters 38 and 40. Preferably, {m ^ l f by ! me by spe T m \ ^ 

vestigial sideband modulation is produced by modifying the V? 9 \ ™ ° rth °g° nal . to Q chann ^ S P^ 

«7 j i t ii * //: u J i j c 40 94 and 96. The positive frequencies in spectra 90 and 94 

Weaver modulator so oscillator 36 has a reduced frequency i . , r At - , /* , , , ,% , ^ . 

and filters 38 and 40 have increased cutoff frequencies «p re sent the folded baseband I and Q channels 

Digital signal processing techniques easily establish the f s P ectranl 80 for testes "*low T < 

matched paths, which are difficult or impossible to achieve & ^ uencle fi s n "> s P ec f 92 96 ""elude the portions of 

• rtrt „ lrt „ • spectrum 80 having frequencies m excess of a) d . Spectra 90, 

in analog processing. ^ A . , « , , . . l . I 

. „ 45 92, 94 and 96 are all centered about to 4 , with the portions of 

While the folding ; frequency is preferably equal to or less s tra 90 _ 96 OQ the fcft side of bei mkm im of 

than the center of the spectrum of the input signal, i.e., ^ portions of spectra g(M , 6 on the right side of ^ ^ 

sum of spectra 90 and 92 and the sum of spectra 94 and 96 

io f £ < ° l ^° n , have zero amplitude where they intersect the id axis at 

50 frequencies 4{co 3 -(o 4 ) and -(co 3 -co 4 ). 

Spectra 90 and 92 are applied to a first lowpass filter to 

(where and o> 2 are respectively the lower and upper derive folded and filtered baseband I spectra 98 and 100, 

angular frequencies of the spectrum of the input signal), respectively, while spectra 94 and 96 are supplied to a 

there are no theoretical limits to the folding frequency, second lowpass filter to derive folded and filtered baseband 

except that it cannot be zero. A folding frequency of zero 55 Q spectra 102 and 104, respectively. The first and second 

would not produce any sideband asymmetry. However, if the lowpass filters are identical, with each having a cutoff 

folding frequency has any non-zero value the modulator frequency, co 5 , between (co 3 +co 4 ) and (u) 3 -u) 4 ), so that posi- 

derives vestigial sideband signals with different vestigial tive frequency portions of spectra 92 and 96 are essentially 

widths. As long as the folding frequency is somewhere unchanged by the lowpass filter, but the higher positive 

within the bandwidth of the input signal the intermediate I so frequency portions of spectra 90 and 94 are severely 

and Q channel spectra will fold. attenuated, as indicated by steep skirts 106 of spectra 102. 

However, if the folding frequency is higher than the Spectra 98-104 are symmetrical with and are mirror images 

highest modulating frequency, vestigial modulation will about co»0. 

result but there will be no "folding" through zero frequency. Spectra 98 and 100 are multiplied by a cosine wave 

For example, if the signal bandwidth is DC to 3 kHz, and the 65 (represented by line 105, FIG. 5c,) at intermediate frequency 

"folding" frequency is 4 kHz, the I and Q signals which are u) /F , to derive folded and filtered I channel spectra 108 and 

not actually folded extend from 1 to 7 kHz. The modulator 110. Spectra 108 and 110, centered at frequency w /r , are 
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respectively substantial replicas of spectra 98 and 100. 

Spectra 102 and 104 are multiplied by a sine wave w -<*>2 

(represented by line 107, FIG. 5d) at frequency 0)^ to derive 2 
folded and filtered Q- channel spectra 112 and 114, both 

centered at frequency co /F and having substantially the same 5 i owpass fihers must pass, without attenuation, the 

shape as spectra 102 and 104. The phases of spectra 108 and greater of la^-co^ and lai^coj. The Iowpass filters must 

110 are orthogonal to those of spectra 112 and 114. Spectra have a response of the type generally indicated by the 

108-114 are linearly combined, i.e., added or subtracted, to amplitude versus frequency response curve of FIG. 5h. Each 

produce a vestigial sideband signal. of the Iowpass filters has a substantially zero attenuation 

In FIG. Se, spectra 108-114 arc added to produce vestigial 10 between DC, where co=0, and the greater of K-co^ and 

sideband spectrum 116, including relatively steep skirt 118 K+^il- Each of the Iowpass filters completely rejects all 

that is a replica of steep skirts 106 of spectra 98 and 102. frequencies greater than (co^wj 

Spectrum 116 also includes (1) segment 120 which increases . In ca ? e of •? 8 or 1( ? J ev ^ 1 ^ C television 
gradually to a peak value from the maximum amplitude of sigM filtering of the vestigial sideband signal is symmetn- 

steep skirt 118, and (2) gradually decreasing portion 122 « ^refore* the shape of the vestigial lower sideband is 

. .. c , ; ,. t . c * it* i the same as the shape ot the inverted replicated spectrum 

extending from the peak amplitude of spectrum 116 to zero . , iU r XT . 4 4 r r 

i-* j . *t_ • j i . • . * j ™ appearmg around the Nyquist rate, 

amplitude at the w axis and which includes ay The ^ Qf tfae m J^ d Weayef modulator in combin . 

vestigial sideband includes all of steep skirt 118 and portion m the itive and tive frequenci es of spectrum 80 and 
120 of spectrum 116. In ATSC modulation, where a vestige the positive and negative rep ii cated frequencies resulting 
of a replicated inverted spectrum of a discrete time digital ™ from the multiplying action of the sine and cosine waves at 
signal appears as a tail of an upper sideband (lower sideband folding frequency 0) 4 is illustrated in FIG. 6 which repre- 
at I F.) full sideband portion 122 also includes a Nyquist serJ ts the digital signal derived from multiplier 18 at base- 
frequency, av, which is spaced from co^ by VS(0 3 -cu 4l where band. In FIG. 6, block 124, indicates the positive frequencies 
a) 5 is the sampling frequency. of spectrum 80, extending between 0 and o m while block 
A comparison of spectra 76 and 116 indicates the portion 25 126 indicates the positive replicated frequencies having an 
of spectra 116 that is the vestigial sideband. Vestigial side- inverted spectrum between frequencies co m and 2co m . Block 
band spectrum 116 differs from single sideband spectrum 76 128 > extending between o>-0 and w— m , indicates the nega- 
because spectrum 116 contains a vestige of the opposite live frequencies with an inverted spectrum 82 of spectrum 
sideband arising from the mirror image negative frequencies 80 **** ne § allve «Plkated frequencies of spectrum 82, 
82 of spectrum 80. In this regard, steep skirt 118 is to the left 30 ^ tween fre q uencies -« ™* -2u>„, are indicated by block 
of carrier frequency ou^—au in spectrum 116; carrier fre- . 

quency co /F -a) 4 in spectrum 116, at the highest amplitude 11 *> accordingly, an object of the present invention to 

value in the spectrum of FIG. 5E, corresponds to W<r -co, in P rovidc a new and ^proved method of and apparatus for 

spectrum 76. The vestige also includes portion 120 of generating a vestigial sideband signal, particularly a digital 

spectrum 116 that extends to the left of m „~u> 4 . 35 vesical sideband I F. signal. 

, r ..,.,« < Another object of the invention is to provide a new and 

«?? hl Sh, fr ! tlUenCy e , nd 0 ve S lgl al sideband spectrum ^ d method rf ^ & for ^ Weayer 

116 also rnctate a spectrum tail. In a chscrete time system mo F dulation techni for ^ , vestigi / sideoand sig . 

(i.e., a sampled system), the spectrum tail arises from a small ^ ^ 

iteS" °uL? freT'of be y° nd »*» 40 ° A further object of the invention is to provide a new and 

" improved digital television transmitter apparatus and 

The amplitude versus frequency response spectrum dia- method, 

grams of FIGS. 5/ and 5g are helpful in understanding the An added object of the invention is to provide a digital 

operations described in connection with FIGS. Sa-Se. FIG. television transmitter for deriving a vestigial sideband signal 

5/ is an illustration of a theoretical baseband input spectrum 45 directly, without filtering a double sideband signal and 

applied to a modified Weaver modulator according to the without using a Hilbert transform. 

invention. The input spectrum of FIG. 5/ has a constant, An additional object of the present invention is to provide 

non-zero amplitude between angular frequencies -w 3 and a new an d improved digital television transmitter including 

+W 3 , and a zero amplitude for H>w 3 . The modified Weaver a vestigial sideband generator including a finite impulse 

modulator converts the baseband input of FIG. 5/ into the 50 response filter having a relatively low number of filter 

vestigial sideband spectrum of FIG. 5g, having a carrier coefficients, while still obtaining a favorable root-raised 

frequency of co c ; co c is either an R.F. or I.F. carrier. The cosine response. 

spectrum of FIG. 5g has a constant, non-zero amplitude Yet another object of the invention is to provide a new and 

between frequencies K-cOj) and (o> c +o) 3 ). At co c +a) 3 , the improved easily implemented digital television transmitter 

vestigial sideband spectrum of FIG. 5g has a step drop from 55 f or deriving a vestigial sideband signal having a favorable 

the constant, non-zero amplitude to a zero value. The root-raised cosine response which does not require a low 

vestigial sideband spectrum has a frequency transition range frequency or high frequency equalizer, 

from K-coJ to (co^co^ between the constant, non-zero A still further object of the invention is to provide a 

and zero amplitude levels. The angular frequencies -co, and television transmitter wherein the same digital vestigial 

-o) 2 in the baseband input of FIG. 5/ are in the "negative" 60 sideband arrangement can be used to produce NTSC and 

frequency portion of the baseband input, such that the ATSC signals. 

absolute value of o) a is less than the absolute value of <o 2 . still another object of the invention is to provide an ATSC 

To achieve the vestigial sideband spectrum of FIG. 5g> the television transmitter for deriving a digital vestigial I.F. 

Iowpass filters of the modified Weaver modulator must signal having a sampling frequency at least twice as high as 

completely reject all angular frequencies in excess of the 65 prior art transmitters and finite impulse response filters 

sum of the folding frequency (ay) and oj 2 and the folding having a relatively low number of filter coefficients, while 

frequency must exceed still obtaining a favorable root- raised cosine response. 
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In accordance with one aspect of the present invention a 
first signal having a frequency a) m in a predetermined 
bandwidth extending from oy 1 to co 2 is converted to a 
vestigial sideband signal by multiplying the first signal by 
orthogonally phased sinusoidal components having a fre- 
quency o) 4 to derive orthogonal second and third signals 
each having a frequency equal to (a> m -u) 4 ) and containing 
the information in the first signal. The second and third 
signals are lowpass filtered to derive fourth and fifth 
orthogonal signals each having the same frequency and 
containing the information in the first signal. The frequen- 
cies to j, u) 2 and co 4 are such that a vestigial sideband signal 
modulating the carrier and containing the information in the 
first signal is derived when (1) the fourth and fifth signals are 
multiplied with quadrature phases of a carrier and (2) the 
resulting product signals are linearly combined. Signals that 
substantially replicate the information in the fourth and fifth 
signals and a carrier are combined to derive the vestigial 
sideband signal containing the information in the first signal. 

In a preferred embodiment, co 4 is a folding frequency 
greater than zero and less than or equal to 

(Oi +a> 2 



The fourth and fifth signals (1) have a spectrum extending 
between a> 1 and a) 3 , and (2) are such that the frequency 
components of the first signal extending between (x> 1 and (o 4 
are folded on the frequency components of the first signal 
extending between o> 4 and a> 2 . Signals that substantially 
replicate the information in the fourth and fifth signals are 
combined to derive the vestigial sideband signal. 

In the preferred embodiments, co 4 is a folding frequency 
no greater than 



102 

2 



10 



15 



20 



35 



and the first signal is a baseband signal such that The 
lowpass filtering step passes without substantial attenuation 
signals having frequencies from DC to 0) s and substantially 
rejects frequencies greater than co 6 , where co 5 is 



Oil 



and <D<j is <co 2 . The combining step is such that negative 
frequencies of the first signal appear in the vestigial side- 
band signal as a vestige of the sideband of the vestigial 
sideband signal containing the positive frequencies of the 
first signal 

The first, second, third, fourth and fifth signals are pref- 
erably digital signals having a first fixed sampling frequency. 
Circuitry responsive to the fourth and fifth signals converts 
the digital information in the fourth and fifth signals into an 
analog vestigial sideband signal modulating an R,F. carrier. 
In one embodiment the fourth and fifth digital signals are 
converted directly into analog signals that are separately 
mixed with orthogonal phases of an R.R carrier and the 
resulting product signals are linearly combined. 

In other, more preferred embodiments, the sampling fre- 
quency of the fourth and fifth signals is increased to a second 
fixed sampling frequency. In some preferred embodiments 
the signals having the second fixed sampling frequency are 
mixed with orthogonal phases of a digital LR carrier to 
derive first and second digital product signals that are 
linearly combined to derive a digital vestigial I.R In another 



50 



55 



60 



embodiment, the digital signals at the second sampling 
frequency are combined with several orthogonal phases of a 
digital I.R carrier to derive a pair of orthogonal LR digital 
signals that are converted into analog signals which are, in 
turn, separately mixed with orthogonal phases of an R.R 
carrier. The resulting R.R modulated waves are linearly 
combined to derive an R.R vestigial sideband signal. 

In some embodiments the sampling frequency of the 
fourth and fifth digital signals is offset to a frequency having 
a round number value. In one embodiment offsetting is 
achieved by arranging the first signal so it has a sampling 
frequency that is a fraction of a fixed sampling frequency of 
an input signal containing the information in the first signal. 
In such a case, offsetting is achieved by increasing the 
sampling frequency of the input signal to derive the first 
signal and low pass filtering the first signal to derive the 
signal multiplied by the components having the frequency 
u) 4 . In another embodiment, offsetting is achieved with 
circuitry including a low frequency digital source deriving 
signals representing a pair of orthogonal sinusoidal waves. 
Digital circuitry including multiple multipliers and adders 
responds to the low pass filtered signals and the signals 
representing the orthogonal sinusoidal waves to derive sig- 
nals that are applied to circuits for increasing the sampling 
frequency. 

In a preferred embodiment, the first signal is an ATSC or 
NTSC digital television signal and the vestigial sideband 
signal results from at least one digital signal that contains the 
information necessary to derive the vestigial sideband trans- 
mitted signal. In a preferred embodiment the digital signal is 
an I.R that is converted to an analog LR signal. The LF. is 
up frequency converted to derive an I.R output signal having 
a spectrum inverted relative to the I.R signal 

Preferably, for the ATSC signal, each cycle of each of the 
orthogonally sinusoidal phased components that are multi- 
plied with the input signal is represented by four digital 
values. In one embodiment, each of the multiplying opera- 
tions is performed such that a first of the digital values 
passes bits of each of the multiplied signals in unaltered 
form and a second of the digital values inverts the polarity 
of each of the signals. In a second embodiment, each of the 
multiplying operations is performed such that a first of the 
digital values passes bits of each of the multiplied signals in 
unaltered form, a second of the digital inverts the polarity of 
bits of each of the signals and a third of the digital values 
blocks bits of each of the multiplied signals. 

When the digital television signal is an NTSC signal the 
frequency modulated aural carrier may be added by adding 
quadrature FM components at the proper frequency to the 
folded baseband signals. 

Another aspect of the invention relates to a digital tele- 
vision transmitter responsive to a digital television signal. 
The transmitter includes a digital vestigial sideband modu- 
lator including a digital sinusoidal source for deriving a 
digital signal representing a sinusoidal wave. A digital 
multiplier multiplies a digital signal including the informa- 
tion in the digital television signal by the digital signal 
representing the sinusoidal wave: to derive plural digital 
product signals. A digital lowpass filter arrangement passes 
low frequency components of the plural digital product 
signals and blocks high frequency components of the plural 
digital product signals. Circuitry responsive to a carrier and 
the signals passed by the low pass filter arrangement derives 
an analog vestigial sideband signal including the informa- 
tion in the digital television signal. 

In one preferred embodiment, the circuitry includes a 
digital linear combiner for deriving a digital vestigial side- 
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band I.R signal having a frequency of about 20 mHz. A vestigial sideband digital I.F. signal. A multi-bit parallel 

digital to analog converter arrangement converts the digital digital input signal having 12 bits and a sampling frequency 

vestigial sideband I.F. signal into an analog intermediate of 10.76223776 . . . MHz, as derived from pilot inserter 24 

frequency signal. An up converter increases the frequency of and pre-equalizer filter 26, in the form of an XTSC/A53 

the intermediate frequency to a desired transmission fre- 5 television standard, is applied in parallel to identical simple 

quency or channel. digital multipliers 140 and 142. 

The above and still further objects, features and advan- Multipliers 140 and 142 are responsive to orthogonal 

tages of the present invention will become apparent upon digital representations of cosine and sine waves each having 

consideration of the following detailed descriptions of sev- a 10.76223776 . . . MHz bit frequency, as derived from 

eral specific embodiments thereof, especially when taken in 10 folding frequency generator 144. Generator 144 can be 

conjunction with the accompanying drawings. considered as deriving cosine and sine waves having fre- 

BRIEF DESCRIPTION OF DRAWINGS ™* <£ G - 5 >' whfireb y multi P Uers 140 and 142 derive 

spectra 90-96. 

As previously described, FIG. 1 is a block diagram of a Generator 144 generates each cycle of the cosine 

prior art digital television transmitter; 15 sequeace supplied to multiplier 140 as the digital, tri-level 

As previously described, FIG. 2 is a diagram of the sequence 1,0,-1,0, or the bi-level digital sequence 1,1,-1,- 

spectrum desired to be derived by the transmitter of FIG. i. Thus, the frequency of each cycle of the cosine sequence 

As previously described, FIG. 3 is a circuit diagram of a supplied by generator 144 to multiplier 140 is 

prior art Weaver modulator; 2.690559441 . . . MHz. The sine sequence supplied by 

As previously described, FIGS. 4a~4e are spectra derived 20 generator 144 to multiplier 142 is displaced by one bit, i.e., 

by the Weaver modulator of FIG. 3 when operated according 90°, from the cosine sequence so the sine sequence associ- 

to the prior art; ated with the tri-level cosine sequence is 0,1,0,-1, while the 

As previously described, FIGS. 5a-Se are spectra derived sine sequence associated with the bi-level cosine sequence is 

by a Weaver modulator modified in accordance with the « -1,1,1-1. For clarity, the levels derived by generator 144 

present invention to derive a vestigial sideband signal, and are simultaneously supplied to multipliers 140 and 142 in 

FIGS. 5/j 5g and 5h are amplitude versus frequency response the illustrated embodiment of the mvention. It is to be 

curves helpful in describing the operation of the Weaver understood, however, that the cosine and sine sequences can 

modulator modified in accordance with the present inven- be interleaved, m which case, only a single multiplier is 

t j on . necessary; in such a case the inputs and outputs of multi- 

/ i « ... - , . c 30 pliers 140 and 142 are delayed from each other by one-half 

As previously described, FIG. 6 is a diagram of the * . , . , i i 

* j * j , £ 4. 4* mi 4 4 j • the period of the 10.76223776 . . . MHz symbol rate, 

spectrum derived as a result of the operations dlustrated m ^ ; 

FIGS. 5a-5e' Because the sequences derived by generator 144 are 

FIG. 7 is a block diagram of a modified Weaver modulator }£-U> and 0,1,0,-1 or 1 1,-1,-1 and -1,1,1,-1 multipliers 

for deriving a vestigial sideband digital I.F. ATSC/A53 35 140 ^ 14 ? ™ ^ elements. MulUpkers 140 and 142 

signal in accordance with one embodiment of the present re /P° nd ,0 t 1 he , zero ^ al " es in ' he se ?" e 1 nce , s to h ]°^ ^ 

invention- symbols applied to them. Multipliers 140 and 142 

™^ ' , .. r 1ll7 , , respond lo the 1 and -1 values derived by folding frequency 

FIG. 8 is a block diagram or a modified Weaver modulator enerator 144 to ass the s mbol a lied to them in an 

for deriving a vestigial sideband ATSC/A53 I.F. signal ^neraor to^'SriVtew^tavS 

hav.ng a fnqucocy with a round number, in accordance with 40 ^ q[ ^ mu]tj ^ kvert ^ ya]ues of ^ ^ 

a second embodiment of the present invention: , . , . , . , r \ r™ 

v ' when the cosine and sme values have values of -1. The 

FIG. 9 is a block diagram of a further embodiment of a sequences without zeroes derived by generator 144, i.e., 

vestigial sideband modulator for a digital television sequences 1,1,-1,-1 and -1,1,1,-1, produce higher ampli- 

transmitter, wherein the digital signal is applied to a lowpass mde signals than m prod uced by the sequences having 

filter prior to being applied in parallel to a pair of orthogonal 45 zeroes Consequently, the sequences without zeroes produce 

parallel modified Weaver modulator processing channels; signals having fowcr quantizing noisc man thc scqucnccs 

FIG. 10 is a spectral diagram helpful in describing the with zeroes, 

operation of the modulator illustrated in FIG.. 9; ^ product sigQals derived by multipliers 140 an d i4 2 

FIG. 11 is a block diagram of a further embodiment of the 5Q are respectively applied to identical finite impulse response 

present invention wherein a vestigial sideband R.F.: signal is (FIR) digital lowpass filters 146 and 148. Each of filters 146 

derived directly, without the intermediary of an I.F. conver- an d \^ ^ n be implemented with approximately 256 finite 

S10n i impulse response coefficients, selected to produce the root- 

FIG. 12 is stilt another embodiment of a modified Weaver raised cosine response and spectra 98-104 (FIGS. 5c and 

vestigial sideband orthogonal "imageless" modulator for 55 5d). Hence, filters 146 and 148 pass, without substantial 

deriving an ATSOA53 signal; attenuation, the frequency of the sine and cosine represent- 

FIG. 13 is a spectrum diagram of an NTSC digital I.F. ing waves derived by generator 144 and block virtually all 

signal derived in a transmitter including a modified Weaver components at the high frequency end of the digital televi- 

modulator in accordance with the invention; and sion signal supplied to multipliers 140 and 142. In contrast 

FIG. 14 is a modified Weaver modulator in accordance 60 | ac prior art bandpass filter requires about 2048 finite 

with another embodiment of the invention for deriving the impulse response coefficients. Filters 146 and 148 can be 

spectrum of FIG. 13. replaced by a single filter that is multiplexed to respond to 

the two product signals derived by multipliers 140 and 142. 

DESCRIPTION OF TOE PREFERRED ^ lowpass fihered ^ ^ U6 aDd ±4g 

EMBODIMENTS g5 derive m respectively applied to interpolator sets 150 and 

Reference is now made to FIG. 7 of the drawing, a block 152 for multiplying by eight the sampling rate of filters 146 

diagram of a modified Weaver modulator for deriving a and 148, respectively. To this end, interpolator set 150 
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includes three cascaded times two up sampling interpolators The modified digital Weaver modulator of FIG. 8 includes 

154-156, while interpolator set 152 includes three cascaded all the elements of the modified Weaver modulator illus- 

times two up sampling interpolators 158-160. trated in FIG. 7, as well as digital frequency synthesizer 170 

Consequently, the sampling frequency of the output signals (which functions as an offset frequency generator), general 

of each of interpolators 156 and 160 is 86.0979021 . . . MHz. 5 purpose digital multipliers 172, 174, 176 and 178, and 

The output signals of interpolators 156 and 160 are digital adders, (i.e., linear combiners) 180 and 182 for 

respectively supplied to identical digital multipliers 162 and respectively adding and subtracting the input signals sup- 

164, preferably constructed the same as multipliers 140 and plied t0 tnem Adders 180 and 182 respectively drive inter- 

142. Multipliers 162 and 164 are respectively responsive to po lators 154 and 158. Multipliers 172 and 178 are driven in 

cosine and sine sequences, each cycle of which has the same 1Q ^ b me QUt t si ^ of lowpass mter 146 while 

values as the cosine and sine sequences derived from folding mullipUcrs m and 176 m driven m aralld b me out u{ 

frequency generator 144; each cycle of the sine and cosine ^ { of j ^ fiher 148 Qffset ^ queDcy generator 170 

sequences supplied to multipliers 162 and 164 is at the I.F defives orthogorja l sequences, each cycle of which has 

of 21.52447552 . MHz^ Because there are four digital di ^ va]ues ^ m the same ^ each k of ^ 

values in each cycle of the cosine and sine representing 15 sequences derived by folding fluency generator 144. 

sequences denved by generator 166, the symbol frequencies ^ c ^ . 

derived by the generator equal the symbol frequencies ^V- 08 ^ output of offset frequency generator 170 is 

derived by interpolators 156 and 160. 4 PP hed m P" aU u el ^ n,ultiphers 172 and 176, while the sin 

w w- i- j j * i ■ . , , it _ A o> Q t output of the onset frequency generator is applied in 

Multiplier 162 and 164 derive binary s.gnak such that £ aUel F l0 multipliers 174 H aad fa To enab i e & sigDa i 

he output signal of mulupher 162 is represented by spectra „ ^ ^ ^ ^ ag g 

108 and 110, FIG^Sc, while the output signal of multiplier lhe frequency of generator 170 is set to a value equal 

164 is represented by spectra 112 and 114, FIG. 5d. The 4 ' M B , c ... c M 4 

,. , f* . , r i*- i* -i^ I, * i- 1 to the difference between one fourth of the bit frequency at 

digital output signals oi multipliers 162 and 164 are linearly , . , . , . , - V, , p 

. . , . , 4 « J combmer 168 and the desired earner frequency of the I.F. 

combined, i.e., summed, in digital adder 168 to produce a 4 4 . , . . iL ? J c & * 

,. , \- - , • . ■, t t- ■ i l - , r , . JiL output signal; in the specific example, the frequency ot onset 

digital vestigial sideband I.F. signal having a bandwidth 2 s en crator 170 is 24 4755244 KHz 

between approximately 18.5 and 24.5 MHz centered at ^ 

21.52447552 . . . MHz, as indicated by spectrum 116, FIG. ^ di S ital vestigial sideband modulator or generator of 

$ e FIG. 8 functions such that the digital output signals of 

'The output signal of adder 168 is applied to digital to filtels , 146 f d * 48 actively represented by 

analog converter 30 (FIG. 1) , which derives an analog I.F. 30 ? 5 sm(cu -o) 4 )t and 0.5 cos((o m -o) 4 )t TOe signals denved 

vestigial sideband signal including I and Q channels such * ™ltipbers " 4 . «d "» «* respectively 

that the I channel, at predetermined times, contains one of represented by. 

either 8 or 16 levels. The eight or 16 levels are commensu- 0 5 co8 ^ _^ y CQ6 

rate with the binary value of the signal derived from mul- m 4 

tiplexer 18 at a time corresponding to each predetermined 35 o.5 sic(u> ro -to 4 )f*sin v> a t 
time. The digital to analog converter Q channel causes part 

of the unwanted vestigial sideband derived by modulator or 0 5 BinCa^-w^'cos &j 

generator 28 to be reduced to zero to enable spectrum 80, „ , , „ „ . 

5L _ _ ,11.11, , , , i 0.5 cos((o_-o) 4 )f*sia <aj 

FIG. 5a, to occupy less bandwidth than would otherwise be 

the case. 40 where to m is the frequency of the television signal derived by 

The modified Weaver arrangement of FIG. 7 for gener- pilot inserter 24, o 4 is defined supra as the frequency of 

ating ATSC A/53 standard, digital I.F. signals results in generator 144, and w 0 is the frequency derived by offset 

aliasing and replicated spectra which must be considered. generator 170. 

Because the ATSC signal derived from multiplexer 18 has a Adder 180 sums the output signals of multipliers 172 and 

symbol rate of 10.76223776 . . . MHz, energy is produced at 45 174 to derive a signal which can be shown, by trigonometric 

the Nyquist frequency of 5.381118881 . . . MHz. The manipulation, to equal 
modulated analog I.F. signal derived by analog to digital 

converter 30 and the R.F. modulated analog signal derived 0 5 sin(a> rtt -<o 4 -Ki> 0 >. 

by up converter 32 and power amplifier 36 at the carrier ^ , 

frequency contain a vestige of the opposite sideband arising 50 ^ ° ut P ut u sl S nal of "* der 180 * ^ency shifted 

from the mirror-image negative frequencies indicated by "P^ly from the output of lowpass filter 146 by w 0 , the 

boxes 128 and 130. The signals derived by digital to analog ofifeet fluency of ?. n ™ Add ? r 182 subtracts / he r 

converter 30, R.F. up converter 32 and power amplifier 36 output signal of multiplier 178 from the output signal of 

also contain the spectrum tail at the high frequency end of muitl P uer ™ to d ™ve a signal which can be shown by 

the spectrum, arising from the small portion of the inverted 55 tn g° nometnc manipulation, to equal 

replicated spectrum indicated in FIG. Se, to the right of the 05 cos(o> a> +<o > 

Nyquist frequency w N in portion 122 of spectrum 116. 4 0 

Frequently it is desirable for the symbol rate derived by Thus, the output signal of subtracting adder 182 is offset in 
adder 168 and applied to digital to analog converter 30 to frequency upwardly from the output signal of lowpass filter 
have a precise round or decimal frequency, such as 21.5 so 148 by a) 0 . The output signals of linear combiners 180 and 
MHz, rather than the 21.52447552 . . . MHz signal derived 182 thus have the same frequency but are phase displaced 
by adder 168. To this end, in accordance with another aspect from each other by 90°. Proper manipulation of the polarities 
of the invention, the circuitry of FIG. 7 is modified, as at the inputs of adders 180 and 182 or at frequency generator 
illustrated in FIG. 8, to enable a 21.5 MHz digital vestigial 170 can reverse the direction of the frequency ofiset. 
sideband signal to be derived without using general purpose 65 It is desirable for the output frequencies of linear corn- 
digital multipliers at the frequency of the signals derived by biners 180 and 182 to be a precise numerical value to 
interpolators 156 and 160. simplify the frequency synthesizer included in up converter 
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32 which shifts the LF. derived by digital to analog converter The digital output signals of lowpass filters 200 and 202 

30 to the carrier frequency derived by power amplifier 36, are respectively supplied to interpolators 204 and 206 which 

without affecting the modulation on the carrier derived by multiply by a factor of four the sampling frequencies of the 

digital to analog converter 30. The up converter is simplified digital signals derived by filters 200 and 202. The digital 

because digital television signals derived in accordance with 5 output signals of interpolators 204 and 206, having a sam- 

the ATSC standard can be offset from the carrier frequency pling frequency eight times the sampling frequency of the 

by several predetermined frequencies for various reasons, signal derived by pilot inserter 24, are respectively applied 

such as the possibility of interference between signals emit- to simple multipliers 208 and 210, driven by orthogonal 

ted from antennae that might be spaced from each other by cosine and sine sequences derived by digital I.F. generator 

200 or more kilometers but which are at nominally the same 212. The cosine and sine sequences derived by digital I.F. 

frequency, i.e., have the same television channel number. generator 212 have the same values in each cycle as the 

These "channel offsets'* can be programmed into the offset- sequences derived by generators 144 and 166, FIG. 7. The 

ter of FIG. 8. sequences derived by digital I.F. generator 212 have the 

Because multipliers 172-178 respond to the output sig- same sampling frequency, equal to twice the sampling 

nals of lowpass filters 146 and 148 which are at the symbol frequency of the digital signal applied to lowpass filter 190, 

frequency of 10.76223776 MHz, multipliers 172-178, 15 j. e>j 21.52447552 . . . MHz. 

which perform simple functions such as passing, blocking or The values of the digital product signals derived by 

inverting the values supplied to them, can be replaced by-a multipliers 208 and 210 are linearly combined in digital 

single multiplier that is time multiplexed. summer 214 which derives the digital vestigial sideband LF. 

The modulator of FIG. 8 enables the digital I.F. center signal that is applied to digital to analog converter 30, FIG. 

frequency to be offset so it has a round number without using 20 1. The analysis for the value of the output signal of the 

high speed general purpose digital multipliers at the high summer 214 is the same as the analysis previously described 

frequency sampling rate of eight times the symbol fre- for the circuit of FIG. 7. The vestigial sideband modulator of 

quency. Digital multiplication is performed at the high FIG- 9 derives a digital signal having a sampling frequency 

frequency by using simple digital multipliers 162 and 164. at a round number, such that the I.F. derived by summer 214 

While multipliers 172-178 are of the general purpose type, 25 fe centered at 21.6 MHz. 

these multipliers operate at relatively low frequencies in FIG - 10 ™ ^ amplitude versus frequency response curve 

response to the low sampling frequencies derived by filters °f the 0U J t P ul ^ ™ er }}* ™ e °[ ?* spectrum 

146 and 148 and the low frequency outputs of synthesizer f^ a * d m FI ?, *° 15 at 21-6 MHz, shghtly ^placed from 

170 the 21.524 ... MHz output of interpolator 190, which is in 

pip n • j- r c u j- i c j* 1 turn two times the sampling frequency of the output of pilot 

Mti. y is a diagram ot a further embodiment or digital 30 . ~ A T £ lt u »u 1 c 

r , . r . . , . , , , , . . , ¥ ^. ■ , inserter 24. Lowpass filter 192 shapes the low frequency 

circuitry for deriving a vestigial sideband digital I F. signal ^ Qf me ^ of FJG ±Q . ^ ed Qf ^ ^ 

having a sampling frequency centered at a desired round to the left of the 2 1.6. MHz carrier frequency. Lowpass filters 

number; in particular, the I.F. is centered at 21.6 MHz. The 200 and 202 m combination with the action of multipliers 

circuit of FIG. 9 does not require the frequency shifting 194 and 196 and the combining action of summer 214, shape 

circuitry of FIG. 8 to enable a desired "round number" I.F 35 me upper frequency skirt of the response of FIG. 10, to the 

center frequency to be derived, right side of 21.6 MHz. 

In the circuit of FIG. 9, the output signal of pilot inserter The 24.290559 . . . MHz pilot frequency is in the upper 

24 is applied to interpolator 190 which increases the sam- frequency skirt at a frequency equal to the center I.F. of 21.6 

pling frequency of the digital television ATSC signal derived MHz plus a frequency equal to one quarter of the sampling 

by pilot inserter 24 by a factor of 2 from 10.76223776 ... 40 frequency applied to interpolator 190, i.e., 2.690555 . . . 

MHz to 21.52447552 . . . MHz. The digital output signal of MHz. The folding frequency of synthesizer 198 equals the 

interpolator 190 is applied to digital lowpass filter 192 pilot frequency minus twice the sampling frequency, i.e., 

having a root-raised cosine response. Filter 192 passes, (24.290559 . . . MHz)-(21. 52447552 . . . MHz)= 

without substantial attenuation, all information in the digital (2.76608 . . . MHz). The 2.76608 . . . MHz folding frequency 

signal derived by interpolator 190 for frequencies up to 45 causes the response of FIG. 10 to be folded about 21.524 .. . 

5.07 ... MHz and substantially rejects all information in the MHz, i.e., at a frequency that is lower than the pilot 

output signal of interpolator 190 for frequencies above frequency by twice the sampling frequency of the digital 

5.69 . . . MHz. signal supplied to interpolator 190. 

The digital output signal of lowpass filter 192 is applied The invention is not limited to combining digital signals 

in parallel to general purpose digital multipliers 194 and 50 to derive a vestigial modulated signal. In accordance with 

196, having second inputs responsive to orthogonally another aspect of the invention, as illustrated in FIG. 11, 

phased cosine and sine representing digital signals having a digital components enabling the vestigial sideband transmit- 

frequency (ocy) of 2.766008 . . . MHz, as derived from ted signal to be derived are produced by converting the 

frequency synthesizer 198. Multipliers 194, 196 and syn- output signals of the modified Weaver lowpass filters to 

thesizer 198 are respectively constructed the same as mul- 55 analog signals which are modulated on an analog I.F. or R.F. 

tipliers 172-178 and synthesizer 170, FIG. 8. The resulting carrier. In the embodiment of FIG. 11, the output signal of 

digital product signals derived by multipliers 194 and 196 pilot inserter 24 is applied in parallel to simple digital 

are respectively applied to finite impulse response digital multipliers 216 and 218, also responsive to orthogonally 

lowpass filters 200 and 202 which are similar to filters 146 phased digital sequences at the folding frequency, as derived 

and 148 and produce a root-raised cosine response. Filters 60 by digital folding frequency generator 220. The resulting 

200 and 202 differ from filters 146 and 148 because the digital product signals derived by multipliers 216 and 218 

former operate at twice the frequency of the latter. Filters are respectively supplied to digital lowpass filters 222 and 

200 and 202 thus pass, without substantial attenuation, the 224. Simple digital multipliers 216, 218, generator 220 and 

frequency of the sine and cosine representing waves derived digital lowpass filters 222 and 224 are constructed in the 

by generator 198 and block virtually all components at the 65 same manner as digital multipliers 140, 142, digital folding 

high frequency end of the digital television signal supplied frequency generator 144 and digital lowpass filters 146 and 

to multipliers 194 and 196. 148, FIG. 7. 
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The digital output signals of lowpass filters 222 and 224 Combiner 258 includes digital multipliers 262, 264, 266 

are respectively applied to matched digital to analog con- and 268, as well as digital summers 270 and 272. Each of 

verters 226 and 228, which respectively drive reconstruction multipliers 262-268 is of the simple type in that it passes, 

analog lowpass filters 230 and 232 that smooth the step blocks or reverses the values of the digital signals supplied 

transitions in the outputs of the digital to analog converters, 5 to it by one of interpolators 254 and 256. Interpolator 254 

The frequency of generator 220 and the pass and blocking drives multipliers 262 and 264 in parallel, while interpolator 

frequencies of filters 222 and 224 are selected, as described 256 drives multipliers 266 and 2168 in parallel. Multipliers 

supra in connection with FIGS. Sa-Sh, to assure that the 264 and 266 are driven by the 0° sequence derived by digital 

output signal of the circuit illustrated in FIG. 11 has a I. F. generator 260, while multipliers 262 and 268 are respec- 

vestigial sideband. io lively driven by the zero degree and 180° outputs of gen- 

The analog output signals of reconstruction lowpass filters erator 260. 
230 and 232 are respectively applied to balanced Digital summer 270 adds the output signals of digital 
modulators, (i.e., mixers) 234 and 236, responsive to multipliers 262 and 266, while digital summer 272 adds the 
orthogonally phased analog sinusoidal waves derived by digital product output signals of multipliers 264 and 268. 
carrier source 238. Carrier source 238 can generate either an 15 Summers 270 and 272 derive digital signals which are 
I.F. or R.F. frequency. The resulting analog product signals quadrature phased with respect to each other and have a 
derived by balanced modulators 234 and 236 are added sampling frequency of approximately 20 MHz. 
together in analog summer 240. If the frequency of carrier By proper selection of the frequencies of digital folding 
source 238 is an R.F., the output signal of summer 240 is frequency generator 246 and the digital offset frequency 
applied directly to R.F. power amplifier 36 (FIG. 1). If, 20 generator in shifter 252 (corresponding to digital offset 
however, the frequency of carrier source 238 is an I.F., the frequency generator 170 (FIG. 8)), the I.F. sampling f re- 
analog output signal of summer 240 is applied to R.F. up quency derived by summers 270 and 272 can be arranged to 
converter 32, FIG. 1. be a round number, such as 21.5 MHz. 

According to a further embodiment of the invention, The output signals of summers 270 and 272 can be 

illustrated in FIG. 12, the Weaver vestigial sideband modu- 25 digitally modulated in a digital modulator (not shown). The 

lator of the invention is modified to be a quadrature "image- output of such a digital modulator has an output at the R.F. 

less" up conversion circuit. The output signal of pilot carrier frequency of the digital television transmitter of FIG. 

inserter 24 is initially processed in the circuit of FIG. 12 in 1, at a desired round number, and contains only one full 

the same manner as initial processing of the output of the sideband, i.e., is imageless, and the vestigial sideband. In 

pilot inserter in the embodiment of FIG. 8. To this end, the 30 such a situation, the output of the modulator is applied to 

digital output signal of pilot inserter 24 is applied in parallel digital to analog converter 30 (FIG. 1), which must operate 

to simple digital multipliers 242 and 244, driven by orthogo- at the transmitter carrier frequency, 

nal digital sequences derived by digital folding frequency Alternatively and at the present time more practically, the 

generator 246. Multipliers 242, 244, digital folding fre- output signals of digital summers 270 and 272 are respec- 

quency generator 246 and lowpass filters 248, 250 are 35 tively applied to matched digital to analog converters 274 

respectively the same as digital multipliers 140, 142, digital and 276. Converters 274 and 276 derive quadrature phased 

folding frequency generator 144 and lowpass filters 146, LF. signals respectively applied to analog balanced modu- 

148, except for possible variations in the frequencies of the lators 278 and 280. Balanced modulators 278 and 280 are 

generator 246 and the passed and blocked frequencies of also responsive to quadrature phased sinusoidal analog 

filters 248 and 250. 40 output signals of R.F. oscillator 282, having a frequency 

The resulting digital product signals derived by multipli- centered within the channel frequency of the television 

ers 242 and 244 are respectively applied to digital lowpass transmitter. The quadrature phased R.F. outputs of multipli- 

filters 248 and 250, having outputs that are supplied to ers 278 and 280 are added in analog summer 284 which 

digital frequency shifter 252, Frequency shifter 252 includes derives the vestigial sideband signal applied to R.F. power 

a digital offset frequency generator, four digital multipliers 45 amplifier 36 (FIG. 1). 

and two digital summers, respectively identical to digital The modified Weaver modulation technique and appara- 

offset frequency generator 170, digital multipliers 172-178 tus of the present invention can also be used to generate an 

and summers 180, 182 (FIG. 8). Shifter 252 causes the I.F. NTSC signal that has been converted from analog form to 

of the signals derived by the circuit of FIG. 12 to have a SMPTE digital format, as is frequently the case in modern 

"round number" such as 21.5 MHz. The orthogonally 50 television plants. By using the modified Weaver modulator 

phased digital signals derived by shifter 252 are respectively to produce both NTSC and ATSC signals, the differences 

applied to interpolators 254 and 256 which multiply the between the NTSC and ATSC signal paths are minimized to 

identical sampling frequencies of the two outputs of shifter maximize reuse of the same components in both modulators. 

252 by a factor of eight. While shifter 252 is desirable, it is However, use of the modified Weaver technique to generate 

not necessary if there is no perceived need for the I.F. 55 the NTSC signal does not provide significant cost savings 

derived by the circuit of FIG. 12 to be a round number. relative to conventional Hilbert transform techniques. This 

The orthogonally phased digital output signals of inter- is in contrast to the cost savings the Weaver technique attains 

polators 254 and 256 are applied to digital combining to generate the ATSC signals relative to the conventional 

network 258, also responsive to orthogonally phased digital filter or Hilbert transform methods. The computation rate is 

sequences produced by digital I.F. generator 260. Digital I. F. 60 approximately the same for a Hilbert transform NTSC 

generator 260 derives three digital sequences, one having a modulator as for a modified Weaver NTSC modulator using 

zero degree phase, one having a 90° phase and one having the principles of the invention. 

a 180° phase. The zero degree and 0° digital sequences There are several differences between the modified 
derived by I.F. generator 260 are the same as the digital Weaver modulators for ATSC and NTSC. In ATSC the 
sequences derived by digital I.F. generator 166, except for 65 spectrum is symmetrical, so that the Weaver folding f re- 
differences in bit rate. The 180° sequence generator 260 quency is near the center of the spectrum as illustrated in 
derives is the exact complement of the zero degree sequence. FIGS. 5a and 5b where w 4 is equal to 0.5u) m . For NTSC the 
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shapes of the vestigial lower sideband and the upper side- 
band differ and the spectrum is asymmetrical, as illustrated 
in FIG. 13, a spectrum diagram of an inverted NTSC signal 
conforming to FCC specifications. The spectrum illustrated 
in FIG. 13 includes a visual carrier at 23.25 MHz for the 
visual portion of the spectrum, which is flat between 19.05 
MHz and 24.0 MHz, has a high frequency tail extending 
from 24.0 MHz to 24.5 MHz and a steep low frequency tail 
between about 18.85 MHz and 19.05 MHz. The spectrum of 
FIG. 13 also includes a frequency modulated aural carrier at 
18.75 MHz for the frequency modulated audio information 
that occupies a bandwidth of approximately 200 kHz. 

The NTSC modified Weaver modulator operates at sam- 
pling rates of 4F JC , 8F JC and 24F., (F JC =subcarrier 
frequency.) The ATSC and NTSC modified Weaver modu- 
lators produce signals centered at 21.5 MHz, occupying a 
spectrum from 18.5 MHz to 24.5 MHz. The ATSC and 
NTSC spectra derived by the modified Weaver modulators 
are inverted relative to the spectra derived by a power 
amplifier, (e.g., amplifier 36) because of the frequency 
inversion performed by an up frequency converter (e.g., 
converter 32) responsive to the modulator output signal 
converter. The modified Weaver NTSC modulator has a 
folding frequency of 1.77272727 ... MHz to provide a 
digital I.F. of 21.4772727 . . . MHz while still centering the 
output at 21.5 MHz. The 21.477272727 . . . MHz I.F. is six 
times the 3.57954545 . . . MHz subcarrier frequency of the 
SMPTE signal supplied to the modified Weaver NTSC 
modulator. 

FIG. 14, a block diagram of a Weaver modulator modified 
to provide the NTSC spectrum of FIG. 13., includes digital 
video source 388 for deriving a multi-bit parallel NTSC 
video signal, from SMPTE 259 format, having a 
3.579545454 . . . MHz subcarrier frequency. Source 388 
supplies the NTSC coded signal to sharp cutoff 4.2 MHz 
video digital lowpass filter 390 for deriving a multi-bit 
parallel output signal. The output signal of filter 390 is 
supplied in parallel to general purpose multipliers 392 and 
394, respectively responsive to digital signals representing 
orthogonally phased cosine and sine folding waves derived 
by direct digital synthesizer 396. Multipliers 392 and 394 
derive digital product signals that are respectively applied to 
digital lowpass filters 398 and 400, each having a substan- 
tially flat response from DC to 2.52272727 . . . MHz and 
severe attenuation at 3.02272727 . . . MHz. The NTSC 
modified Weaver modulator does not require a frequency 
offset ter corresponding to frequency offset generator 170 in 
FIG. 8, because frequency offsets can be produced simply by 
adjusting the folding frequency and the aural carrier gen- 
erator frequency. 

Filters 398 and 400 respectively supply digital output 
signals to digital adders 402 and 404, also responsive to 
orthogonally phased digital signals derived by direct digital 
synthesizer 406 that generates a carrier frequency of 
2.7272727 . . . MHz. Aural digital source 408 is coupled to 
synthesizer 406 to cause the synthesizer to derive a digital 
signal having variations in accordance with the FM spec- 
trum of the aural information of source 408. 

Interpolator sets 410 and 412 multiply the sampling rates 
of the digital signals derived by adders 402 and 404 by a 
factor of six. Interpolator set 410 includes cascaded 
upsample-by-2 and upsample-by-3 sampling rate interpola- 
tors 414 and 416 which respectively multiply the sampling 
rates of the signals applied to them by factors of 2 and 3, so 
interpolator 416 supplies a signal to digital multiplier 418 
that has a sampling frequency six times the sampling fre- 
quency of the output of adder 402. The Weaver modulation 



provided by the circuitry including multipliers 392 and 394 
operates at a sampling rate of four times the subcarrier 
frequency so that the signal supplied to multiplier 418 has a 
sampling frequency 24 times the subcarrier frequency, i.e. s 

5 85.909090909 . . . MHz, which is very close to the ATSC 
output clock rate of 86.0979021 . . . MHz. Interpolator set 
412 includes cascaded upsample by 2 and upsample by 3 
interpolators 420 and 424, such that digital multiplier 426, 
responsive to interpolator 424, is also supplied with a signal 

10 having a sampling rate that is 24 times the sampling rate of 
the subcarrier of the signal derived by source 388. 

Multipliers 418 and 426 are driven by orthogonal digital 
sequences respectively representing the cosine and sine of 
the I.F. as derived from I.F. generator 428. The digital output 

15 signals of multipliers 418 and 426 are linearly combined in 
adder 429, which derives a digital vestigial I.F. signal that is 
supplied to a digital to analog converter similar to digital to 
analog converter 30. 
I.F. generator 428 derives sequences representing 

20 orthogonal cosine and sine waves in a similar manner to the 
sequences derived by I.F. generator 166. Adders 402 and 404 
are basically the same as adders 180 and 182, except that 
adder 182 is configured as a subtracter. Multipliers 418 and 
426 are configured the same as multipliers 162 and 164 and 

25 I.F. generator 428 is the same as I.F. generator 366. Adders 
429 and 168 have the same configuration. 

The modulator of FIG. 14 folds the high amplitude part of 
the upper sideband of the spectrum illustrated in FIG. 13 to 
the corner frequency of the sideband (24.0 MHz) minus the 

30 carrier frequency (21.4777272727 . . . MHz). Hence, the 
high amplitude part of the upper sideband of the spectrum 
illustrated in FIG. 13 folds to 2.5227272727 . . . MHz. The 
lowest amplitude part of the upper sideband of the spectrum 
illustrated in FIG. 13 at 24.5 MHz folds to 24.5 MHz- 

35 21.47772727 . . . MHz=3. 02272727 . . . MHz. To pass the 
high amplitude portion and reject the lower amplitude 
portion of the upper sideband of the FIG. 13 spectrum, 
lowpass filters 398 and 400 in FIG. 14 are flat to 
2.5227272727 . . . MHz and substantially block frequencies 

40 at and greater than 3.02272727 . . . MHz. The modified 
Weaver modulation processing by multipliers 392, 394 and 
lowpass filters 398, 400 folds the sidebands of the 4.2 MHz 
video frequencies passed by filter 390 to 2.4772727 . . . 
MHz, which is translated to the 19.05 MHz corner of the 

45 lower sideband vestigial sideband spectrum illustrated in 
FIG. 13. 

If the aural carrier frequency of 4.5 MHz in the spectrum 
of FIG. 13 were coupled from filter 390 to multipliers 392 
and 394 of FIG. 14, the aural carrier frequency would fold 

50 to 21.4777272727 . . . MHz, (i.e., the I.F.)-18.75 MHz (i.e., 
the aural carrier frequency)=2.727272727 . . . MHz. The 
2.727272727.MHz frequency would be in the frequency 
transition band of lowpass filters 398 and 400, i.e., between 
2.5227272727 . . . MHz and 3.02272727 . . . MHz. Thus, the 

55 aural information would be substantially attenuated by low- 
pass filters 398 and 400. 

The highest frequencies processed by multipliers 392 and 
394 and lowpass filters 398 and 400 correspond to the 
frequencies of the vestigial upper sideband of the spectrum 

60 illustrated in FIG. 13. Hence, lowpass filters 398 and 400 
only determine the shape of the vestigial sideband and do not 
affect the roll-off shape of the lower sideband of the spec- 
trum illustrated in FIG, 13. Consequently, the lower side- 
band of the spectrum illustrated in FIG. 13 is shaped 

65 independently by simple video lowpass filter 390 prior to the 
Weaver modulation process performed by multipliers 392 
and 394 and lowpass filters 398 and 400. The 4.5 MHz aural 
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carrier cannot be added to the video signal derived from 
source 388 prior to the Weaver modulation processing by 
multipliers 392 and 394 and lowpass filters 398 and 400 
using these frequencies and sampling rates. If the aural 
carrier were added to the video prior to the Weaver 5 
modulation, the aural carrier would be severely attenuated 
because it would fall within the frequency transition range of 
lowpass filters 398 and 400. 

Because the aural carrier of source 408 is not added 
directly to the output of video source 388, but is injected into 10 
the circuitry after the Weaver modulation processing per- 
formed by multipliers 392 and 394 and lowpass filters 398 
and 400, the lowpass filter cut-off characteristics do not 
affect the aural signal. Even if it were possible to add the 
aural carrier of source 408 directly to the video of source 15 
388, the aural signal is preferably introduced into the modu- 
lation circuit downstream of filters 398 and 400 to enable the 
filters to have a wider dynamic range and lower quantizing 
noise. 

While there have been described and illustrated specific 20 
embodiments of the invention, it will be clear that variations 
in the details of the embodiments specifically illustrated and 
described may be made without departing from the true 
spirit and scope of the invention as defined in the appended 
claims. 

I claim: 

1. A method of converting a first signal having a fre- 
quency o) m in a predetermined bandwidth extending from m 1 
to a) 2 to a vestigial sideband signal containing information 
contained in the first signal, the method comprising: 

multiplying the first signal by orthogonally phased sinu- 
soidal components having a frequency oo 4 to derive 
orthogonal second and third signals, each of the second 
and third signals having a frequency equal to (a> m -a) 4 ) 35 
and containing the information in the first signal, 
wherein co 4 is a folding frequency greater than zero and 
less than or equal to (a^ +co 2 )/2; 

lowpass filtering the second and third signals to derive 
orthogonal fourth and fifth signals having the same 40 
frequencies and containing the information in the first 
signal, wherein the fourth and fifth signals have a 
spectrum extending between and 0) 3 , where a> 3 is 
between co 4 and co m , the fourth and fifth signals being 
such that the frequency components of the first signal 45 
extending between to 4 and to 2 are folded on the fre- 
quency components of the first signal extending 
between (a 1 and co 4 ; 

multiplying the fourth or fifth signals with quadrature 
phases of a carrier to produce a plurality of product 50 
signals, wherein the plurality of product signals repli- 
cate the information in the fourth and fifth signals and 
the carrier; and 

linearly combining the plurality of product signals to 
derive the vestigial sideband signal containing the 
information in the first signal. 

2. The method of claim 1 wherein the first signal is a 
baseband signal such that a) a =0.co 4 is a folding frequency no 
greater than 
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the low pass filtering step passing without substantial attenu- 65 
ation signals having frequencies from DC to co s and sub- 
stantially blocking frequencies greater co 6 , where a) 5 is 



and co 6 is <0) 2 , the combining step being such that negative 
frequencies of the first signal appear in the vestigial side- 
band signal as a vestige of the sideband of the vestigial 
sideband signal containing the positive frequencies of the 
first signal. 

3. The method of claim 1 wherein the first, second, third, 
fourth and fifth signals are digital signals having a first fixed 
sampling frequency, the method further comprising: 

increasing the first fixed sampling frequency of the fourth 
and fifth signals to a second fixed sampling frequency; 
and 

multiplying signals having the second fixed sampling 
frequency with orthogonal phases of the carrier to 
derive the plurality of product signals. 

4. The method of claim 3 wherein the carrier is a digital 
I.F., and the plurality of product signals are digital signals 
that are linearly combined to derive a digital vestigial I.F. 

5. The method of claim 4 further including offsetting the 
sampling frequency of the fourth and fifth digital signals. 

6. The method of claim 4 wherein the first signal has a 
sampling frequency that is a fraction of a fixed sampling 
frequency of an input signal containing the information in 
the first signal, further including increasing the sampling 
frequency of the input signal to derive the first signal, low 
pass filtering the first signal, the low pass filtered first signal 
being multiplied by the components having the frequency 
co 4 . 

7. The method of claim 3 further including converting 
signals that replicate the information in the fourth and fifth 
signals into first and second analog signals, mixing the first 
and second analog signals with orthogonal components of 
the carrier to derive a pair of orthogonal analog product 
signals, and linearly combining the pair of orthogonal ana- 
log product signals to derive the vestigial sideband signal. 

8. The method of claim 7 wherein the carrier is at R.F. so 
the vestigial sideband signal is modulated on the carrier, and 
further including amplifying the carrier modulated by the 
vestigial sideband signal. 

9. The method of claim 8 further including offsetting the 
sampling frequency of the fourth and fifth digital signals. 

10. The method of claim 1 wherein the first, second, third, 
fourth and fifth signals are digital signals having a first fixed 
sampling frequency, converting signals that replicate the 
information in the fourth and fifth signals into first and 
second analog signals with orthogonal components of the 
carrier to derive a pair of orthogonal analog product signals, 
and linearly combining the pair of orthogonal analog prod- 
uct signals to derive the vestigial sideband signal. 

11. The method of claim 10 wherein the converting step 
is performed on the fourth and fifth signals so the first and 
second analog signals are at baseband. 

12. The method of claim 11 wherein the carrier is at R.F. 
so the vestigial sideband signal is modulated on the carrier, 
and further including amplifying the carrier modulated by 
the vestigial sideband signal. 

13. The method of claim 10 further including increasing 
the sampling frequency of the fourth and fifth signals to 
derive sixth and seventh digital signals, combining the sixth 
and seventh digital signals with orthogonal components of a 
digital I.F. carrier to derive eighth and ninth orthogonal 
phased digital signals at the I.F carrier, converting the eighth 
and ninth orthogonal phased digital signals at the LF. carrier 
into the first and second analog signals, mixing the first and 
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second analog signals with orthogonal components of an 
analog carrier to derive a pair of orthogonal analog product 
signals, and linearly combining the pair of orthogonal ana- 
log product signals to derive the vestigial sideband signal 

14. The method of claim 1 further including upwardly 5 
shifting the frequency domain of the orthogonally phased 
sinusoidal components including components of the fourth 
and fifth signals by the same factor (N) without changing the 
information in the first signal to derive sixth and seventh 
orthogonally phased signals containing replicas of the fourth 10 
and fifth signals, and multiplying the sixth and seventh 
signals by orthogonally phased sinusoidal components hav- 
ing a frequency co 3 to derive the vestigial sideband signal. 

15. The method of claim 14 further including causing the 
frequency of the vestigial sideband signal to be offset from 15 
o) 5 by co 6 . 

16. The method of claim 15 wherein the frequency of the 
vestigial sideband signal is offset from oj 5 by a) 6 by multi- 
plying the fourth and fifth signals by orthogonally phased 
first and second sinusoidal components having the frequency 20 
o) 6 to derive eighth, ninth, tenth and eleventh signals, 
respectively indicative of the products of the fourth signal 
and the first component at frequency co 6 , the fifth signal and 
the second component at frequency oo 6 , the fourth signal and 
the second component at frequency od 5 and the fifth signal 25 
and first component at frequency a) 6 ; linearly combining the 
eighth and ninth signals to derive a twelfth signal, linearly 
combining the tenth and eleventh signals to derive a thir- 
teenth signal, the twelfth and thirteenth signals being 
orthogonally phased and having the same frequency which 30 
is offset from (aj m -cu 4 ) by tu 6 , and performing the step of 
shifting the frequency domain on the twelfth and thirteenth 
signals. 

17. The method of claim 15 wherein the frequency of the 
vestigial sideband signal is offset from to 5 by co 6 by com- 35 
bining the fourth and fifth signals with orthogonally phased 
first and second sinusoidal components having the frequency 
o> 6 to derive twelfth and thirteenth orthogonally phased 
signals having the same frequency which is offset from 
(to m -a) 4 ) by (o 6 , and performing the step of shifting the 40 
frequency domain on the twelfth and thirteenth signals. 

18. Hie method of claim 17 wherein the first signal is a 
digital television signal. 

19. The method of claim 18 wherein the vestigial side- 
band signal is a digital signal and further including convert- 45 
ing the digital vestigial, sideband signal to an analog signal. 

20. The method of claim 19 wherein the analog signal is 
an I.F., and further including up frequency converting the 
I.F. to derive an output signal having a spectrum inverted 
relative to the LF. signal. 50 

21. The method of claim 20 wherein the first signal is an 
ATSC/A53 signal. 

22. The method of claim 20 wherein the I.F. is centered at 
approximately 21.5 MHz. 

23. The method of claim 22 wherein the offset frequency 55 
is approximately 24.47 KHz. 

24. The method of claim 19 wherein the first signal is an 
NTSC signal coded in accordance with SMPTE 244M. 

25. The method of claim 24 wherein the orthogonally 
phased sinusoidal components are digital signals having 60 
values resulting from frequency modulating an aural televi- 
sion signal on a predetermined frequency, linearly combin- 
ing the orthogonally phased components that are digital 
signals having values resulting from frequency modulating 

an aural television signal on a predetermined frequency with 65 
the fourth and fifth signals to derive the fourteenth and 
fifteenth signals. 
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26. The method of claim 1 wherein the first signal is a 
digital signal and each cycle of the orthogonally phased 
sinusoidal components is represented by four digital values 
the multiplying step being performed such that a first of the 
digital values passes bits of the first signal in unaltered form 
and a second of the digital values inverts the polarity of the 
first signal. 

27. The method of claim 1 wherein the first signal is a 
digital signal and each cycle of the orthogonally phased 
sinusoidal components is represented by four digital values, 
the multiplying step being performed such that a first of the 
digital values passes bits of the first signal in unaltered form, 
a second of the digital values inverts the polarity of the first 
signal, and a third of the digital values blocks bits of the first 
signal. 

28. A vestigial sideband modulator responsive to a first 
signal comprising information and having a frequency co m in 
a predetermined bandwidth extending from to co 2 , the 
modulator comprising: 

a source of orthogonally phased sinusoidal components 
having a folding frequency a> 4 , where a> 4 is folding 
frequency equal to or less than (w/coJ/Z; 

a first signal multiplying arrangement adapted to be 
responsive to the first signal and the orthogonally 
phased sinusoidal components, the first signal multi- 
plying arrangement generating orthogonally phased 
second and third signals containing the information of 
the first signal, each of the second and third signals 
having a frequency equal to (co m -a) 4 ); 

a lowpass filter arrangement adapted to be responsive to 
the second and third signals for deriving orthogonal 
fourth and fifth signals that contain the information of 
the first signal and have the same frequency, the fourth 
and fifth signals having a spectrum extending between 
cDj and o) 3 , where o) 3 is between co 1 and co 4 , the fourth 
and fifth signals being such that the frequency compo- 
nents of the first signal extending between co 4 and co 2 
are folded on the frequency components of the first 
signal extending between and u) 4 ; 

a second signal multiplying arrangement adapted to be 
responsive to the fourth and fifth signals and quadrature 
phases of a carrier to generate a plurality of product 
signals; and 

a signal combiner adapted to linearly combine the plu- 
rality of product signals to derive a vestigial sideband 
signal containing the information in the first signal. 

29. The modulator of claim 28 wherein co 4 is a folding 
frequency no greater than 

2 ' 

the first signal is a baseband signal such that 0^=0, the low 
pass filter arrangement being arranged to pass without 
substantial attenuation signals having frequencies from DC 
to co 5 and to substantially block frequencies greater than 0) 6 , 
where co 5 is 

and o) e is <a) 2 , the signal combiner being such that negative 
frequencies of the first signal appear in the vestigial side- 
band signal as a vestige of the sideband of the vestigial 
sideband signal containing the positive frequencies of the 
first signal. 
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30. The modulator of claim 28 wherein the first, second, 
third, fourth and fifth signals are digital signals having a first 
fixed sampling frequency, and further including: 

circuitry for increasing the first fixed sampling frequency 
of the fourth and fifth signals to a second fixed sam- 5 
pling frequency; and 

a mixer for mixing signals having the second fixed 
sampling frequency with orthogonal phases of the 
carrier to derive the plurality of product signals. 

31. The modulator of claim 30 wherein the carrier is a 10 
digital I.F., the plurality of product signals are a plurality of 
digital product signals, and the signal combiner linearly 
combines the plurality of digital product signals to derive a 
digital vestigial LF. 

32. The modulator of claim 31 further including a fre- 15 
quency offsetter for offsetting the sampling frequency of the 
fourth and fifth digital signals, 

33. The modulator of claim 31 wherein the first signal has 
a sampling frequency that is a fraction of a fixed sampling 
frequency of an input signal containing the information in 20 
the first signal, further including digital processing circuitry 
for (a) increasing the sampling frequency of the input signal 

to derive the first signal, (b) low pass filtering the first signal, 
the low pass filtered first signal being multiplied in the 
digital processing circuitry by the components having the 25 
frequency co 4 . 

34. The modulator of claim 30 further including an analog 
to digital converter arrangement responsive to the fourth and 
fifth signals for converting signals that replicate the infor- 
mation in the fourth and fifth signals into first and second 30 
analog signals, and circuitry for mixing the first and second 
analog signals with orthogonal components of the carrier to 
derive a pair of orthogonal analog product signals and for 
linearly combining the pair of orthogonal analog product 
signals to derive the vestigial sideband signal. 35 

35. The modulator of claim 34 wherein the carrier is at 
R.F. so the vestigial sideband signal is modulated on the 
carrier, and further including an amplifier for amplifying the 
carrier modulated by the vestigial sideband signal. 

36. The modulator of claim 35 and further including 40 
digital circuitry for offsetting the sampling frequency of the 
fourth and fifth digital signals. 

37. The modulator of claim 28 wherein the first, second, 
third, fourth and fifth signals arc digital signals having a first 
fixed sampling frequency, circuitry adapted to be responsive 45 
to the fourth and fifth signals for converting signals that 
replicate the information in the fourth and fifth signals into 
first and second analog signals, and analog processing 
circuitry for (a) mixing the first and second analog signals 
with orthogonal components of the carrier to derive a pair of 50 
orthogonal analog product signals and (b) for linearly com- 
bining the pair of orthogonal analog product signals to 
derive the vestigial sideband signal. 

38. The modulator of claim 37 wherein the carrier is at 
R.F. so the vestigial sideband signal modulates the carrier, 55 
and an amplifier for amplifying the carrier modulated by the 
vestigial sideband signal. 

39. The modulator of claim 37 wherein the carrier is a 
digital l.F. carrier and further including digital processing 
circuitry for (a) increasing the sampling frequency of the 60 
fourth and fifth signals to derive sixth and seventh digital 
signals and (b) combining the sixth and seventh digital 
signals with orthogonal components of the digital l.F. carrier 

to derive eighth and ninth orthogonal phased digital signals 
at the l.F. carrier, digital to analog converter circuitry for 65 
converting the eighth and ninth orthogonal phased digital 
signals at the l.F. carrier into the first and second analog 
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signals, and analog processing circuitry for (a) mixing the 
first and second analog signals with orthogonal components 
of the carrier to derive a pair of orthogonal analog product 
signals, and (b) linearly combining the pair of orthogonal 
analog product signals to derive the vestigial sideband 
signal. 

40. The modulator of claim 28 further including a fre- 
quency upshifting arrangement adapted to be response to the 
orthogonally phased sinusoidal components including com- 
ponents of the fourth and fifth signals for upshifting the 
frequency of the orthogonally phased sinusoidal compo- 
nents including components of the fourth and fifth signals by 
the same factor (N) to derive sixth and seventh orthogonally 
phased signals containing replicas of the fourth and fifth 
signals, a source of orthogonally phased sinusoidal compo- 
nents having a frequency (a 5 , and a multiplying arrangement 
adapted to be responsive to the sixth and seventh orthogo- 
nally phased signals for multiplying the sixth and seventh 
orthogonally phased signals by orthogonally phased sinu- 
soidal components having a frequency co 5 to derive the 
vestigial sideband signal. 

41. The modulator of claim 28 further including a source 
having an offset frequency co 6 , the source having an offset 
frequency co 6 being coupled with a circuit arrangement for 
offsetting the frequency of the vestigial sideband signal from 
a> 5 by w 6 . 

42. The modulator of claim 41 wherein the source of 
offset frequency derives orthogonally phased first and sec- 
ond sinusoidal components having the frequency of co^, the 
circuit arrangement for offsetting the frequency of the ves- 
tigial sideband signal from co 5 by cd 6 including a signal 
multiplying arrangement adapted to be responsive to the 
fourth and fifth signals and the orthogonally phased first and 
second sinusoidal components having the frequency <a 6 for 
deriving eighth, ninth, tenth and eleventh signals, respec- 
tively indicative of the products of the fourth signal and the 
first component at frequency co 6 , the fifth signal and the 
second component at frequency (o 6 , the fourth signal and the 
second component at frequency a) 6 and the fifth signal and 
the first component at frequency co 6 ; and a signal combining 
arrangement adapted to be responsive to the eighth, ninth, 
tenth and eleventh signals for (a) linearly combining the 
eighth and ninth signals to derive a twelfth signal, and (b) 
linearly combining the tenth and eleventh signals to derive 
a thirteenth signal, the twelfth and thirteenth signals being 
orthogonally phased and having the same frequency which 
is offset from (o) m -co 4 ) by a) e , the frequency upshifting 
arrangement being adapted to be responsive to the twelfth 
and thirteenth signals. 

43. The modulator of claim 41 wherein the source of 
offset frequency derives orthogonally phased first and sec- 
ond sinusoidal components having the frequency co 6 , the 
circuit arrangement for offsetting the frequency of the ves- 
tigial sideband signal from co s by co 6 including a signal 
combining arrangement adapted to be responsive to the 
fourth and fifth signals and the orthogonally phased first and 
second sinusoidal components having the frequency o) 6 for 
deriving twelfth and thirteenth orthogonally phased signals 
having the same frequency which is offset from (co m -co 4 ) by 
a) 6 , the frequency upshifting arrangement being adapted to 
be responsive to the twelfth and thirteenth signals. 

44. The modulator of claim 28 wherein the first signal is 
a digital television signal and the vestigial sideband signal is 
derived from a pair of digital signals having orthogonally 
phased information. 

45. A digital television transmitter including the modula- 
tor of claim 44 and further including a digital to analog 
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converter arrangement for converting a pair of digital signals 
containing the vestigial sideband information into an analog 
signal modulating a carrier. 

46. The television transmitter of claim 45 wherein the 
analog signal is modulating an I.F. carrier, further including 
an up converter for increasing the I.F. carrier frequency to 
derive an output signal having a spectrum inverted relative 
to the LF. signal. 

47. A digital television transmitter including the modula- 
tor of claim 28, wherein the first signal is an ATSC/A53 
signal and the orthogonally phased components are digital 
sequences representing sinusoidal waves at frequency 0) 4 , 
wherein the signal combiner includes a digital to analog 
converter arrangement and a signal adder arrangement for 
deriving an analog signal vestigial sideband signal including 
the information in the ATSC/A53 signal modulated on an 
R.F. carrier. 

48. A digital television transmitter including the modula- 
tor of claim 28, wherein the first signal is an NTSC signal 
having an SMPTE 244M code and the orthogonally phased 
components are digital sequences representing sinusoidal 
waves at frequency to 4 , and the signal combiner includes a 
digital to analog converter arrangement and a signal adder 
arrangement for deriving an analog signal modulating an 
R.F. carrier, the analog signal being a vestigial sideband 
signal including the information in the NTSC signal coded 
in accordance with SMPTE 244M signal. 

49. The digital television transmitter of claim 48 wherein 
the orthogonally phased components are digital signals 
having values resulting from frequency modulating an aural 
television signal on a predetermined frequency, the signal 
combiner being arranged for combining the fourth and fifth 
signals with orthogonally phased components that are digital 
signals having values resulting from frequency modulating 
the aural television signal on the predetermined frequency. 

50. A digital television transmitter responsive to a digital 
television signal comprising a digital vestigial sideband 
modulator including, 

a digital sinusoidal source for deriving at least two digital 
signals representing sinusoidal waves, 

a digital multiplier arrangement having at least two 
multipliers, each multiplier for multiplying a digital 
signal including information in the digital television 
signal by an associated digital sequence derived by the 
digital sinusoidal source and for deriving plural digital 
product signals, 

a digital lowpass filter arrangement for passing low fre- 
quency components of the plural digital product signals 
and blocking high frequency components of the plural 
digital product signals, 

circuitry adapted to be responsive to a carrier and the 
signals passed by the lowpass filter arrangement for 
deriving an analog vestigial sideband signal including 
the information in the digital television signal, the 
analog vestigial sideband signal modulating the carrier, 
and 

further including another digital sinusoidal source for 
deriving other digital signals presenting sinusoidal 
waves having an offset frequency, a first digital signal 
combiner for combining the another digital signals and 
the digital components passed by the low pass filter 
arrangement, whereby the frequency of a digital I.F. is 
changed by a frequency determined by the offset fre- 
quency. 

51. The digital television transmitter of claim 50 wherein 
the carder is at I.F. and further including an up converter for 
increasing the frequency of the I.F. carrier to an R.F. carrier. 
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52. The digital television transmitter of claim 50 wherein 
the digital signals represent sinusoidal waves having a 
predetermined frequency, some of the passed low frequency 
components having a frequency greater than the predeter- 
mined frequency and some of the blocked high frequency 
components having a frequency less than the highest fre- 
quency of the information in the digital signal applied to the 
multiplier arrangement. 

53. The digital television transmitter of claim 50 wherein 
the circuitry includes: (a) a second digital signal combiner 
responsive to signals derived by the digital lowpass filter 
arrangement for deriving at least one digital signal including 
information in the vestigial sideband signal and (b) a digital 
to analog converter arrangement for converting the at least 
one digital signal including information in vestigial side- 
band signal into the analog vestigial sideband signal. 

54. The digital television transmitter of claim 53 wherein 
the second digital signal combiner derives a digital vestigial 
sideband signal at an I.F sampling frequency, the digital to 
analog converter arrangement being arranged for converting 
the digital vestigial sideband signal at the I.F. sampling 
frequency into the analog vestigial sideband signal, 

55. The digital television transmitter of claim 50 wherein 
the digital television signal is coded ATSC and the offset 
frequency causes the digital I.F. to have a frequency with a 
particular desired value, the first digital signal combiner 
being arranged to combine the another digital signal and the 
digital components passed by the lowpass filter arrangement 
to derive the digital I.F. having a frequency with the par- 
ticular desired value. 

56. The digital television transmitter of claim 50 wherein 
the digital television signal is coded NTSC and said another 
digital sinusoidal source derives said another digital signal at 
a frequency causing the digital I.F. to include an aural carrier 
with frequency modulated aural information, the first digital 
signal combiner being arranged for combining said another 
digital signal and the digital components passed by the 
lowpass filter arrangement and for deriving a digital signal 
having an aural carrier with frequency modulated aural 
information. 

57. The digital television transmitter of claim 54 further 
including an up frequency shifter arrangement for increasing 
the sampling rate of the digital signals applied to the second 
digital signal combiner by a predetermined factor. 

58. A digital television transmitter responsive to a digital 
television signal comprising a digital vestigial sideband 
modulator including; 

a digital sinusoidal source for deriving at least two digital 
signals representing sinusoidal waves; 

a digital multiplier arrangement having at least two 
multipliers, each multiplier for multiplying a digital 
signal including information in the digital television 
signal by an associated digital sequence derived by the 
digital sinusoidal source and for deriving plural digital 
product signals; 

a digital lowpass filter arrangement for passing low fre- 
quency components of the plural digital product signals 
and blocking high frequency components of the plural 
digital product signals; 

circuitry adapted to be responsive to a carrier and the 
signals passed by the lowpass filter arrangement for 
deriving an analog vestigial sideband signal including 
the information in the digital television signal, the 
analog vestigial sideband signal modulating the carrier; 
and 

further including an up frequency shifter arrangement for 
increasing by a predetermined factor a sampling rate of 
the digital signals applied to a first digital signal 
combiner. 
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59. The digital television transmitter of claim 58 wherein 
the carrier is at LF. and further including an up converter for 
increasing the frequency of the I.F. carrier to an R.F. carrier. 

60. The digital television transmitter of claim 58 wherein 
the digital signals represent sinusoidal waves having a 5 
predetermined frequency, some of the passed low frequency 
components having a frequency greater than the predeter- 
mined frequency and some of the blocked high frequency 
components having a frequency less than the highest fre- 
quency of the information in the digital signal applied to the id 
multiplier arrangement. 

61. The digital television transmitter of claim 58 wherein 
the circuitry includes: (a) the first digital signal combiner 
responsive to signals derived by the digital lowpass filter 
arrangement for deriving at least one digital signal including 15 
information in the vestigial sideband signal and (b) a digital 
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to analog converter arrangement for converting the at least 
one digital signal including information in vestigial side- 
band signal into the analog vestigial sideband signal. 

62. The digital television transmitter of claim 61 wherein 
the digital signal combiner derives a digital vestigial side- 
band signal at an LF. sampling frequency, the digital to 
analog converter arrangement being arranged for converting 
the digital vestigial sideband signal at the LF. sampling 
frequency into the analog vestigial sideband signal, 

63. The digital television transmitter of claim 62 further 
including an up frequency shifter arrangement for increasing 
the sampling rate of the digital signals applied to the first 
digital signal combiner by a predetermined factor. 

***** 
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